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ABSTRACT

Simple, precise accurate, novel and safe UV-Spectrophotometric simultaneous equation method
developed for the simultaneous estimation of poorly water-soluble drugs Empagliflozin (EMPA) and
Linagliptin (LINA) in tablet dosage form using 2M ammonium acetate: 2M sodium citrate and
(50:50% W/W) as mixed hydrotropic solution and validated as per ICH guidelines. This Method
involves solving of simultaneous equations based on measurement of absorbance at two
wavelengths 270 nm and 294 nm (Anax Of EMPA and LINA) in hydrotropic solutions. Ammonium
acetate and sodium citrate solution did not show any absorbance above 240 nm and thus no
interference in the estimation of drugs was seen. EMPA and LINA follow Beers law in the
concentration range of 10-50ug/ml and 5-25ug/ml (r2 = 0.999). % Recovery for both the drugs was
in the range of 98.50 t099.23 % indicating excellent accuracy. The methods were precise, with a
relative standard deviation of less than 2% for both drugs. The developed methods were validated
according to ICH guidelines and values of accuracy, precision and other statistical analysis were
found to be in good accordance with the prescribed values. Thus, method can be used for routine
monitoring of drugs in industry for the assay of bulk drugs and commercial formulation.
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1. INTRODUCTION

Empagliflozin (EMPA) is used as a sodium
glucose cotransporter-2 (SGLT-2) inhibitor to
improve glycemic control in adult patients with
type 2 diabetes. SGLT-2 co-transporters
reabsorb glucose from the glomerular filtrate in
kidney and the glucuretic action resulting from
inhibition of SGLT-2 which reduces renal
absorption and lowers down the renal threshold
for glucose, therefore increases glucose
excretion which reduces hyperglycaemia and
also helps in blood pressure reduction [1, 2].
Chemically EMPA is 1-chloro-4-(glucopyranos-1-
yI)-2-(4-(tetrahydrofuran-3-yloxy)benzyl)benzene
and having empirical formula is Cy3H,7CIO; with
molecular weight 450.91 g/mole (Fig. 1A).
Linagliptin ~ (LINA) is having competitive,
reversible DPP-4 inhibitory action which is
responsible for DPP-4 breakdown reduction of
GLP-1 and glucose-dependant insulin tropic
polypeptide (GIP). From beta cells of the
pancreas, GLP-1 and GIP stimulate the release
of insulin during inhibiting release of glucagon
from pancreatic beta cells. These effects
together reduce the breakdown of glycogen in
the liver and increase insulin release in response
to glucose [2-4]. Chemically LINA is (R)-8-(3-
aminopiperidin-1-yl)-7-but-2-ynyl-3-methyl-1-(4-

methylquinazolin-2-ylmethyl)-3,7-dihydro-purine-
2,6-dione and having empirical formula is
CosHogNgO, with  molecular weight 472.5422
g/mole (Fig. 1B). Literature review revealed that
few methods were described for the
determination of EMPA and LINA alone or in
combination with other drugs from
pharmaceutical dosage forms and in human

(A)

Fig. 1. Chemical structure of (A) Empagliflozin and (B) Linagliptin

plasma including spectrophotometry [5-8], ultra-
performance liquid chromatography (LC) [9], LC—
mass spectroscopy [10], and high-performance
LC (HPLC) [11-17] techniques. Hydrotropic

solubilization is the phenomenon by which
aqueous solubility of poorly water soluble drugs
and insoluble drugs increases. Various

techniques have been employed to enhance the
aqueous solubility and hydrotropy is one of them.
Sodium salicylate, sodium benzoate, urea,
nicotinamide, sodium citrate and sodium acetate
are the most common examples of hydrotropic
agents utilized to increase the water solubility of
the drug. Maheshwari and Jain et al. have
analyzed various poorly water-soluble drugs
using hydrotropic solubilization phenomenon viz.
ketoprofen, salicylic acid, frusemide, torsemide,
hydrochlorothiazide, pramipexole and amlodipine
besylate [18-26]. Various organic solvents such
as methanol, chloroform, dimethyl formamide
and acetonitrile have been employed for
solubilization of poorly water-soluble drugs to
carry out spectrophotometric analysis.
Drawbacks of organic solvents include their
higher cost, toxicity and pollution. Hydrotropic
solution may be a proper choice to preclude the
use of organic solvents. Therefore, it was thought
worthwhile to employ this mixed hydrotropic
solution to extract out the drug from fine powder
of tablets to carry out spectrophotometric
estimation. There are no reports yet for the
determination of this combination by proposed
methods. The present work emphasizes on the
guantitative estimation of EMPA and LINA in
their combined dosage form by UV
Spectroscopic methods.

(B)
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2. MATERIALS AND METHODS
2.1 Experimental Procedure

EMPA and LINA standard were obtained from
Hetero drugs Ltd, Hyderabad, India. Methanol,
acetonitrile were procured from Rankem, RFCL
Limited, New Delhi, India. Ammonium acetate
AR, sodium citrate and sodium benzoate AR
grade, etc were procured from Central Drug
House (P) Limited, New Delhi, India. The 0.45-
mm pump nylon filter was obtained from
Advanced Micro devices (Ambala Cantt, India).
Reverse osmosis water was used throughout the
study. Other chemicals used were of analytical or
HPLC grade. Glyxambi Tab (10mg/5mg) was
purchased from local market.

2.2 Preliminary Solubility Studies of
Drugs

Solubility of both drugs was determined at
25+1°C. An excess amount of drug was added to
two screw capped 25 ml of volumetric flasks
containing different aqueous systems viz.
distiled water and different combination of
hydrotropic agent. The volumetric flasks were
shaken mechanically for 12 h at 25+1°C in a

mechanical shaker. These solutions were
allowed to equilibrate for next 24 h. and then
centrifuged for 5 min at 2000 rpm. The

supernatant liquid was taken for appropriate
dilution after filtering through Whatman filter
paper #41 and analyzed spectrophotometrically
against water as blank. After analysis, it was
found that the enhancement in the solubility of
EMPA and LINA was found to be more than 60
to 70% in a mixture of 2 M ammonium acetate:
2M sodium citrate solution (1:1) as compared to
solubility studies in other solvents.

2.3 Establishment of Stability Profile

Stability of EMPA and LINA was observed by
dissolving in a mixture of 2M ammonium acetate:
2M sodium citrate (50:50 % V/V) solution used
as hydrotropic agent. Solution of EMPA and
LINA was scanned under time scan for 30 min.
Spectra of the drug under time scan shows that
drug is stable in hydrotropic solution.

24 Linearity Range and Calibration

Graph

2.4.1 Preparation of standard stock solution
(Stock-A)

Standard stock solutions were prepared by
dissolving separately 100 mg of each drug in

80'ml mixed hydrotropic solution containing 2M
ammonium acetate; 2M sodium citrate (1:1) and
the flask was sonicated for about 10 min to
solubilize the drug and the volume was made
up to 100 ml with mixed hydrotropic agent to get
a concentration of 1000 pg/ml (Stock-A) for both
drugs.

stock solution

2.4.2 Preparation of sub

(Stock-B)

Aliquots of 2.5 ml withdrawn with help of pipette
from standard stock solution A of EMPA and
LINA and transferred into 25 ml volumetric flask
separately and diluted up to 25 ml with RO Water
that gave concentration of 100 pg/ml (Stock-B).
2.4.3 Preparation  of standard
solution

working

e Aliquots of 1.0 ml, 2.0 ml, 3.0 ml, 4.0 ml
and 5.0 ml withdrawn with help of pipette
from standard stock solution (Stock-B)
separately in 10 ml volumetric flask and
volume was made up to 10 ml with RO
Water. This gave the solutions of 10 pg/ml,
20 pg/ml, 30 pg/ml, 40 pg/ml and 50 pg/ml
respectively for EMPA.

e 05ml,1.0ml 1.5 ml, 2.0 ml and 2.5 ml
from sub stock solution (Stock-B) were
taken separately in 10 ml volumetric flask
and volume was made up to 10 ml with RO
Water. This gave the solutions of 5 pg/ml,
10 pg/ml, 15 pg/ml, 20 pg/ml and 25 pg/mi
respectively for LINA.

2.5 Selection of Wavelength for Linearity

Solutions of 5ug/ml of EMPA and 10ug/ml LINA
were prepared separately. Both the solutions
were scanned in the spectrum mode from 200
nm to 400 nm. The maximum absorbance of
EMPA and LINA was observed at 270.0 nm and
294.0 nm, respectively. EMPA and LINA showed
linearity in the concentration range of 10-50ug/mi
and 5-25ug/ml at their respective maxima.
Calibration curve was plotted, absorbance versus
concentration Figs. 2, 3.

2.6 Study of Overlay Spectra

Working standard solution from the standard
stock solution prepared in concentration
5ug/ml of EMPA and 10 pg/ml of LINA
were scanned in the spectrum mode over the
range of 200-400 nm against RO Water as blank
and the overlain spectra of the two were
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recorded. EMPA showed an absorbance peak at maxima and having no interference with each
270.0 nm, whereas LINA at 294.0 nm. The other so both drug can be simultaneously
overlain spectra also showed isoabsorptive points  estimated by simultaneous equation method
at 280.0 nm. Due to difference in absorbance Fig. 4.

Scan Spectrum Curwve
2.000
1.487
= 0.975
270.00
0.462
-0.050 | )
200.00 250.00 300.00 350.00 400.00
Wawvelength(nm)
Fig. 2. Determination of A, of EMPA
Scan Spectrum Curve
1.0001
0.752- 294.00
= 0.505
0.258
0.010 ! 1 L
200.00 250.00 300.00 350.00 400.00
Wavelength(nm)
Fig. 3. Determination of A, of LINA
Scan Spectrum Curve
1.000
0.738
0.475
0.213|
-0.050 | | 1 1
200.00 250.00 300.00 350.00 400.00
Wawvelength{nm)

Fig. 4. Overlay spectra of EMPA and LINA
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2.7 Vierordt’s Simultaneous
Method

Equation

Simultaneous equation method is based on the
absorption of drugs (X and Y) at the wavelength
maximum of the other. Two wavelengths selected
for the method are 270.0 nm and 294.0 nm that
are Anax of EMPA and LINA respectively. The
absorbance was measured at the selected
wavelengths and absorptivities (A ™) for both
the drugs at both wavelengths were determined
as mean of five independent determinations.
Concentrations in the sample were obtained by
using following equations.

Alay2—-A2ay2
axlay2-—ax2ayl

CEMPA = e cEq (D)

Alax2-A2ax2
axlay2-—ax2ayl

CEMPA = RS 1 N )
Where, A; and A, are absorbance of mixture at
270 nm and 294 nm respectively, ax, and ax, are
absorptivities of EMPA at A; (270.0 i.e. Aynax Of
EMPA) and A, (294.0 i.e. Anax Of LINA)
respectively and ay; and ay, are absorptivities of
LINA at A; and A, respectively. C na and Ceypa
are concentrations of EMPA and LINA
respectively. Figure represent the overlain
spectra of both the drugs in 1:2 ratio and the
criteria for obtaining maximum precision [i.e.
absorbance ratio (A,/A,)/ax,/ax, and ay,/ay;] by
this method were calculated and found to be
outside the range of 0.1-2.0 which is satisfied for
both the EMPA and LINA [27].

2.8 Methods Validation

Validation of the method was carried out in
accordance with the International Conference on
Harmonization Q2B guidelines 2005 [28].

2.8.1 Linearity

The linearity of analytical method was carried out
to check its ability to elicit test results that are
proportional to the concentration of analyte in
sample within a given range. Different levels of
standard solutions were prepared and estimate

into the UV and the results was recorded. The
results of linearity are reported in Table 1.

2.8.2 Accuracy

The validity and reliability of proposed methods
were assessed by recovery studies. The
recovery of added standards (80%, 100% and
120%) was found at three replicate and three
concentrations level. The value of % means just
close to 100, SD and % RSD are less than 2
indicate the accuracy of method. Result of
recovery study shown in Table 2.

2.8.3 Precision

Precision was determined by repeatability and
Intermediate precision of drug. Repeatability
result indicates the precision under the same
operating condition over short interval time. The
intermediate precision study is expressed within
laboratory variation on different days and analyst
to analyst variation by different analyst. The
value of SD and % RSD are less than 2 indicate
the precision of method. Result of precision
shown in Table 3.

2.8.4 Analysis of tablet sample

Twenty marketed tablets of EMPA and LINA
were weighed and ground to a fine powder;
amount equal to 10mg of EMPA was taken in 10
ml volumetric flask. The LINA present in this
amount of tablet powder was 5mg. Then 8 ml of
2M ammonium acetate: 2M sodium citrate (1:1)
solution was added and the flask was
sonicated for about 10 min to solubilize the
drug present in tablet powder and the volume
was made up to the mark with hydrotropic
solution. After sonication filtration was done
through Whatman filter paper No. 41. Filtrate
was collected and further diluted with RO Water
to get the final concentrations of both drugs in
the working range. The absorbance of final
dilutions was observed at selected wavelengths
and the concentrations were obtained from
simultaneous equation method. The procedure
was repeated for five times Table 4.

Table 1. Result of linearity of empagliflozin (EMPA) and linagliptin (LINA)

Method
Parameter EMPA LINA
Working A 270 nm 294 nm
Beer’s law limit (ug/ml) 10-50 5-25
Correlation Coefficient (r*)* 0.998 0.999
Slope (m)* 0.014 0.022
Intercept (c)* 0.003 0.003

*value of five replicate
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Table 2. Results of recovery studies

Recovery level %

% Recovery (Mean+SD)*

EMPA LINA
80 99.23+0.464 98.50+0.667
100 99.17+0.334 98.59+0.486
120 99.09+0.343 98.90+0.949
*Average of three determination
Table 3. Results of precision
Parameter Method
(Mean£SD)*
EMPA LINA
Precision* Repeatability 99.221+0.106 98.354+0.106
Day-to-Day 99.592+0.015 99.205+0.015
Analyst-to-Analyst 99.235+0.151 99.245+0.058
Reproducibility 99.504+0.114 99.666+0.039
*Average of five determination
Table 4. Analysis of tablet formulation of EMPA and LINA
Drug Label claim (mg) Amount found (mg) Label claim (%) S.D. % RSD
EMPA 10 9.95 99.50 0.115 0.135
LINA 5 4.92 98.40 0.142 0.148

3. RESULTS AND DISCUSSION

Based on the solubility and stability and spectral
characteristics of the drugs, 2M ammonium
acetate: 2M sodium citrate solutions (50:50%
W/V) were used as a mixed hydrotropic solution.
It was found that solubility enhancement of
EMPA and LINA was more than 60 to70%,
respectively in mixed hydrotropic solution as
compared with distilled water. EMPA and LINA
show maximum absorbance at 270 nm and 294
nm, respectively. Ammonium acetate and sodium
citrate did not show any absorbance above 240
nm and thus no interference in the estimation of
drugs was seen. EMPA and LINA follow Beer’s
law in the concentration range of 10-50ug/ml and
5-25pug/ml (r2 =0.999 and 0.999). Simultaneous
equation method employed 270 and 294 nm as
two analytical wavelengths for estimation of
EMPA and LINA. The optimized methods
showed good reproducibility and mean recovery
with 99.504+0.114, 99.666+0.039
and99.23+0.464, 98.90+0.949 for EMPA and
LINA, respectively. The mean percent label
claims of tablet dosage were found to be 99.50
and 98.40 for EMPA and LINA, respectively. The
standard deviation, coefficient of variance and
standard error were obtained for EMPA and LINA
were satisfactorily low. Result of precision at
different levels was found to be within acceptable
limits (RSD <2).

4. CONCLUSION

There was no interference of 2M ammonium
acetate: 2M sodium citrate solution (50:50%
W/V) in the estimation and hence the Vierordt's
simultaneous equation UV spectrophotometric
methods were found to be simple, accurate,
economic and rapid for  simultaneous
estimation of EMPA and LINA in bulk and tablet
dosage forms. The proposed method
can be successfully employed for the routine
analysis of EMPA and LINA containing dosage
forms.
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